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MEMORANDUM

TO: PeterVenturini, Chief
StationarySourceDivision

FROM: Terry McGuire, Chief

Planning& TechnicalSupportDivision

DATE: January19, 1999

SUBJECT: ATMOSPHERICCONDITIONS WHICH FAVOR NEGATIVE

HYDROCARBON REACTIVITY

Attached is a paperentitledNO~Concentrationsand VOC/NO~Ratios
in california which discussesthe Dunn-Edwardsissue regardingnegative
hydrocarbonreactivity.

This paperaffirms that Dunn-Edwardsis correctin that when NO~
concentrationsare very low and VOC/NO~ratios are very high, many
hydrocarbonsekhibit negativereactivities. The papergoeson to examine
recentprevailing air quality conditionsin the California air basinswhich
experienceozoneproblemsand finds that suchNO~and VOC/NO~
conditionsare almostnon-existent.

If you have questionsregardingthis matter, pleasecontact
Luis Woodhouseat 322-6156.

Attachment

cc: Luis WoodhouseV’

California Environmental ProtectionAgency
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NO1 ConcentrationsandVOC/N01 Ratios in California
January19, 1999

Introduction

Dunn-EdwardsCorporation(EEC)hasprovidedtheCaliforniaAir Resources
Board(CARE)with theresultsofresearchconductedby Dr. William Carter,usingbox-
model simulationsandthe SAPRC-97chemicalmechanism.Theresearchlookedat the
influenceofnitrogenoxide(NO1) concentrationson theincrementalreactivity (IR) of
selectedvolatileorganiccompounds(VOCs). TheVOCs studiedweren-octane,
ethanol,rn-xylene.toluene.andan urbanROGmixture. TheNO1 concentrationsusedin
theresearchrangedfrom I ppb up to 40 ppb, with theVOC/NOX ratiosof up to 80.
Dr. Cartershowedthat astheNO~concentrationis reduced,or, equivalently,asthe
VOC/NO1 ratio increases,thereactivityof theVOCs decreasesandcanbecomenegative.
This researchalso showsthatasNO1 increasesthe IR will increaseandeventually
becomepositivefor all VOCs studied. However,notethat thechemicalmechanismused
in theDEC study hasnot beenadequatelyevaluatedattheselow NO~concentrations
(Carter,1998).

TheDEC studyconfirmsthat the IR of organiccompoundsdependson the
environmentalconditions,particularlyon ?OI availability. For example,whentheinitial
NO1 concentrationis 20 ppb, m-xyleneshowsnegaüveIRs at VOC/NOX ratiosof30 and
above. Whentheinitial NO1 concentrationis 5 ppb,m-xyleneshowsnegativeIRs at
VOC/N01 ratiosof 40 andabove. Toluene,n-octaneandtheUrbanROGmixture show
negativeIRs at lowerVOC/N01 ratios. At I ppb or less of initial NO1, all VOCs
studied,exceptethanol,hadnegativeIRs at all VOCINOI ratios.

The dataconclusionsby DEC arebasedon soundscientificresearchandagree
with the resultsof otherresearch(Carteret all, 1994),confirming theIR dependenceon
theVOC/NOI ratio,andshowingthat at very low NO1 concentrationstheIR canbecome
negativeastheVOC/NOX ratio increases.At low NO1 concentrations,theremovalof
NO1 by reactionswith VOCs to form nitrogen-containingproductsbecomevery
importantandcanhavenegativeeffectson theformationof ozone. In addition,at very
low NO1ccncentrations,radical-radicalterminationreactionswill be enhancedwhich
will retardthegenerationof ozone(Bergin, etall, 1998).

Ambient NMOCJNOX Ratios

Ambient NMOC/N01 ratios(NMOC standsfor nonmethaneorganiccompounds)
arecalculatedusingdatacollectedin the earlymorning,6-9a.m.,of a givenday. This
ratio is an indicatorof theambientozoneprecursorsbeforethephotochemicalreactions
that generatesmog takeplace,and it is similar, in concept,to the initial NMOC/NOX ratio
that is usedto characterizea smogchamberbeforethe startan experiment(i.e., beforethe
air sampleis irradiated~.However, the6-9 a.m.N~~1OC/NO1ratio doesnot representthe
complexitiesofozone formation,suchas the effect of pollutant transport.in California



air basins. We usedair quality dataobtainedfrom thePhotochemicalAssessment
Monitoring Stations,PAMS. to calculate6-9am.NMOC/NOI ratiosin California. The
PAMS monitoringnetworkprovidesfor improvedsamplingprocedures,betterdata
quality control,and,also.speciationof NMOC. Datausedin this analysiswere from the
summersof 1996and 1997(themostrecentdataavailableafterthestatewide
introductionofcleanerburninggasoline),andtheyaresummarizedin TablesA and B for
selectedsites.

According to the informationprovidedby DEC, theUrbanROCI mix, which is
usedto representambientair in smogchamberexperiments,hadanegativereactivity ata
NMOC/NOX ratio of20 or greater,andNO1 concentrationsbetween5-40ppb. We
calculatedthepercentof ambientair samplesthathadbothaNO1 concentrationof40
ppb, or less,andaNMOC/NOI ratioof 20, or greater,andtheyaresummarizedin Table
C.

The informationshownin TablesA, B. and C demonstratethattheNO1
concentrationsandNMOCI’NO1 ratiosusedin theDEC study arenot typical ofthe
ambientconditionsof California. For example.duringthesummersof 1996and 1997,
theaverageNMOC/N01 ratio is below 15 forall thesitesstudied. Thepercentof
samplesthat had aNO,~concentrationof40 ppb, or less,andaNMOC/NOI ratioof 20, or
greater,is 0 to 4 percentatmostsites. Themonitoringstationsin SacramentoDel Paso
ManorandArvin hadonly 10 percentofthesampleswith ratiosover20, togetherwith a
NO1 concentrationof40 ppb,or less. The Los AngelesNorth Main Streetmonitoring
site,situatedin theairbasinwith theworstpollutionproblemin California,hadan
averageNMOC/NOI ratio ofabout5, with themaximumratio not exceedinga valueof
10.

Conclusions

The datapresentedby DEC is basedon soundscientificresearch,however,air
quality typical ofCaliforniashowsthat NO1concentrationsaredramaticallygreaterand
NI’vIOC/N01 ratiosare almostalways lower thanthosethatresultin negativeIRs.

References

Bergin.M. S.,A. Cl. Russell,W.P.L. Carter,B. E. Croes,andJ.H. Seinfeld,.~Q(’
Reactivityand Urban OzoneControl,” EncyclopediaofEnvironmentalAnalysis
andRemediation.1998.

Carter,W.P.L. D. Luo, I. L. Malkina. andJ. A. Pierce,“Environmental ChamberStudies
ofAtmosphericReacrivitiesofVolatile Organic(‘ompounds. EffectsofVarying
ROGandNO~.”Final Reportto CoordinatingCouncil, Inc.. CaliforniaAir
ResourcesBoard,SouthCoastAir Quality ManagementDistrict. September10,
1994.

Carter.\V.P.L.. personalcommunicationto L. \Voodhouse(November.1998).



Table A
NMOC to NO1 Ratio (6-9 AM) from SelectedSites

(Summers 1996 and 1997)
in California

Site Average Minimum ( Maximum Std. Dev.
Fresno —1~Street 6.2 3.5 13.6 2.0
Parlier 6.4 3.7 14.3 1.8
Clovis—N VjllaAvenue 8.6 3.0 100.7 12.0
Bakersfield—GoldenStateH’~y 6.9 3.0 19.4 2.6
Arvin —BearMountainBlvd. 14.8 2.6 243.3 33.6
Los Angeles—North Main Street 4.6 1.6 9.5 1.8
Sacramento—Del PasoManor 13.7 3.8 160.5 L 22.5
Elk Grove—Bruceville Road 7.9 1.7 35.4 5.9
Folsom —Natoma Street 7.8 2.0 20.4 4.0
SanDiego —12~Street 7.7 2.2

Table B
NO1 Concentration? (6-9 AM) from SelectedSites in

(Summers1996and 1997)
-ppb-

35.3~J 6.3

California

Site Average Minimum Maximum~ Std. Dev.
Fresno—V Street 49 11 140 L 29
Parher 31 13 53 ~10
Clovjs—N Villa Avenue 36 8 102 18
Bakersfield—GoldenStateHwy 69 16 142 32
An’in —BearMountain Blvd. 20 5 54 10
Los Angeles—North Main Street 145 15 325 95

95 20Sacramento—Del PasoManor 25 1
Elk Grove —Bruceville Road 17 2 47 12
Folsom —Natoma Street 17 L 4 38 9

170 J 33San Diego Street 45 6
a) Datafor this tablecorrespondsto dayswith avatiableNMOC data. Datafor dayswith no NMOC werenot included



Table C
Percent of Samples(6-9a.m.)with

Ambient NO1 Concentration LessThan or Equal to 40 ppb,
and NMOC/N01 Ratio Greater Than or Equal to 20

For SelectedSites in California
(Summers of 1996and 1997)

Monitoring Site Percent

Fresno—V Street 0
Parlier 0
Clovis —N Villa Avenue 2
Bakersfield-GoldenStateHwy 0
Arvin -BearMountainBlvd. 10
Los Angeles—North Main Street 0
Sacramento—Del PasoManor ] 12
Elk Grove—BrucevilleRoad 4
Folsom—NatomaStreet 3
SanDiego—I2~Street 4


